The electrical sector is under constant evolution. One 
INTRODUCTION
The distributed microgeneration, integrated with smart grids is more and more engaged in the energetic scenario. A house that generates part of its own electricity, from renewable sources with low environmental impact, like solar or wind energy, can be listed as an example of this scenario [1] [6] . Therefore, moved by a huge demand at rush hours, the hourly based differentiation of tariffs is common for industries and a real possibility for residences in a near future. In view of this, a load profile redistribution, aiming at the best utilization of locally generated energy and the most favorable tariffs, can contribute significantly to the financial result for residences, keeping its total consumption [1] . Basically, this work follows the steps, model and the theoretical reasoning presented by [1] , which is not intended to be fully presented here. From this base model, a validation of the results obtained is considered and also the possibility to carry out some improvement at the algorithm in some aspects, allowing other sources of generation, apart from solar. As far as temporal loads redistribution is concerned, it is interesting and maybe necessary to have some optimization algorithm, that can evaluate the better distribution and suggest when and how to use the loads that can have be manipulated, named as elastic loads. In addition, it is interesting that there is also an assessment of the financial return, to indicate the viability of the change in consumption and the implementation of renewable energy sources. Thus, distribution networks are migrating to an active network profile, where the client can also be a generator in the system, and this model requires new forms of management and even tariffs. Alongside, comes the possibility of integrating electric vehicles, which tends to be more present in the near future. The characteristic of this load is that, in general, the batteries are reload when it arrives at the residence and it is disconnected from the network during its period of use. One feature of the electric vehicle is the existence of some internal storage device, which can be integrated and used as storage of the residence system as a whole [3] [4] [5] [6] . Each renewable generation system follows a specific modeling that must be done from meteorological data or with the aid of specific software. Here, the solar generation profile in [1] is used and for wind generation the result presented in [2] is adopted for the city of Curitiba. As for the loads, the normal daily usage has been taken into account, the times the loads are used and for how long, as well as which loads can be reallocated and at which time of day. The collection of these data is of paramount importance in order for the algorithm to be able to reorient consumption so that the user can continue performing the same daily activities while maintaining the same consumption, but taking advantage of the best tariff differences and storage devices. The optimization algorithm in question is a Mixed Integer Linear Programming (MILP) algorithm, able to, from certain parameters and functions, adjust the variables to achieve specific objectives such as maximization or minimization of functions. From the modeling proposed in [1] it is proposed an improvement in the sense of allowing the inclusion of more than one generation source, in this example wind generation; to evaluate the result of these together and also to verify the validity of the origin algorithm as to the functionality in the situation where the local generation is larger than the accumulated consumption, making adjustments, if necessary 
OBJECTIVES
Thus, this work aims to: Implement an algorithm capable of proposing the distribution of variable loads and storage devices, as well as electric vehicle, using hourly basis during the day, in facilities that have their own generation, connected at variable rates on an hourly basis; Evaluate the operation of the proposed algorithm in several scenarios, more specifically the financial impacts of the redistribution of load and use of storage and generation devices, among the diversity of scenarios and to evaluate the non-existence of generation or the scenario where the accumulated generation is greater than consumption.
METHODS
The development consisted of an extensive bibliographical research, followed by the actual implementation of a proper model, based on [1] , able to perform the functionalities proposed in the objective. In the bibliographic research, in addition to the identification of load characteristics, the study of renewable matrices and intelligent networks, the possible optimization models through Linear Mixed Iterative Programming (PLIM) were assessed and able to solve the problem of load distribution in time. In this research, the model proposed by [1] was adopted, on which tests and changes were made to meet the objectives. According to this model, the objective is to minimize a MILP objective function, which ponders the weight of the redistribution of the load with the storage. This model proposed in [1] uses as denominator the number of optimal cycles and the optimal cost, that is the smallest value for each of the plots without applying any constraint. This serves as a beacon for the occurrence of a better convergence during the execution of the algorithm. However, in the original model, when the optimal cost is calculated, in the scenario where the accumulated generation is greater than the consumption, the optimal cost becomes negative, which in turn goes to the denominator of the minimization function, which implies a not convergence, making the value to be minimized (costs) reach the highest possible value. Given this failure found in the adopted model, the equation (1) of [1] was modified so that it actually performed its function, according to (1) below, taking the module of the optimal cost objective function.
With this improved algorithm, several scenarios were tested, varying the generation profile, diversity of sources, load diversity, storage devices and electric vehicle, validating the results of the algorithm and its usefulness. Another alteration was in the form of parameterizing the local generation within the algorithm. The original model treats only solar generation. In this work a change is made, also considering wind generation that was simulated externally on hourly basis for the period of one day. The evaluated generation, then, is the sum of the generations coming from both sources: Solar and Wind.
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RESULTS AND DISCUSSION
As mentioned, the MILP parameterization proposed by [1] was adopted, with the changes already mentioned above. And for the test and validation, the same data were assumed and proposed, that is, a fictitious residence, a set of solar generation in the city of Curitiba, an electric vehicle and a storage system, with all the necessary parameters for the simulation, such as performance, capacity or power, besides the inclusion of the wind power generation system The algorithm considers that some loads do not have flexibility of use for temporal reallocation, as in the case of illumination. On the other hand, some loads can be reallocated to moments where the applied tariff is smaller or there is greater generation from the sources of distributed generation and storage devices such as washing machines, showers, irons or hair dryers. The data used for each of the simulations are presented graphically, both the generation and consumption profile in each of the scenarios, starting from the base case, where there is no change in consumption, ie the consumption profile considered natural in the residence and advancing in each of the other proposed case studies, as presented below.
In Figure 1 we have the generation curve adopted for each of the considered sources and the sum of the two. The solar generation data were obtained from [1] and for wind turbine the information of [2] , which presents the hourly generation for a typical day in Curitiba, of a wind turbine of nominal capacity of 0.5 kW installed in the studied place. Figure 2 shows the estimates of daily consumption used in the simulation, with respect to elastic loads (which can be redistributed) and inelastic. It also shows the presence and consumption of an electric vehicle, which can be used as an external storage device. In this basic scenario the load redistribution algorithm was also applied, aiming at a lower value in the invoice, considering null storage and generation in the premise. A consumption peak can be observed precisely at the time when the tariff is higher, it is therefore inferred, that even without the inclusion of generation it would be possible to significantly reduce the invoice only by redistributing the load, which is a parameter of comparison of the effect of the insertion of generation in the system or of storage systems together with the redistribution of consumption. In a fourth and last scenario, the impact of adding other storage devices (batteries) to the residence is evaluated, in order to dispatch the surplus to the concessionaire as well as to provide local storage of energy, associated with the available storage in the electric vehicle. This result is presented in Figure 6 , showing only the complete system scenario, that is, redistribution of loads, inclusion of wind and solar generation, electric vehicle and storage device. It is worth noticing that as it deals with hourly charging, only the inclusion of storage system would also be able to reduce the value of the invoice, storing the energy acquired at times of low value and dispatch at times of high cost. However, this only is valid if the cost of maintaining and acquiring the storage system is less than the gain provided by that operation. Table 1 summarizes the results obtained, which take into account the simulated consumption and the values obtained from ANEEL [7] [8] for customers connected to Copel at a white hourly rate [8] . In the modeling, it is considered that the consumer receives -for the kWh delivered to the concessionaire -80% of the value that he pays for the kWh consumed by the concessionaire.
Braz. Arch. Biol. Technol. v.61, no.spe: e18000030 2018 It is observed, as initially stated, that only the adoption of a system of loads redistribution in time is already capable of promoting a significant reduction in the value of the invoice, something close to 60%. Cases 1, 2 and 3 vary only in the amount of energy generated and the time that this happens, which justifies the hypothesis that the installed generation capacity is closely linked to the economy. Finally, case 4, in which the storage system is included, compared to case 3, which is actually the same situation without the use of a storage system, shows an overall reduction of over 90% in the invoice, On the other hand, if we compare only the two scenarios 3 and 4, in absolute terms, there is a reduction of almost 34% in the amount spent.
That is to say, the economy in the various scenarios is closely linked to the installed generation capacity and to the characteristics of the storage systems, and can even reach a positive balance, in order to market part of the excess generated power with the concessionaire. The possibility of selling the excess and not only the credit, as provided by ANEEL's regulatory resolution No. 482/2012, has been adopted in the modelling.
It is worth noting that in all the analyzed scenarios there was no reduction in consumption, the work performed was the same, simply redistributing consumption over time, adding energy storage and also local generation from diverse energy matrices.
CONCLUSION
Given the diverse possibilities of electricity generation that emerge on the world stage, generation from renewable sources in small plants, or microgeneration, is each day more feasible and easily accessible. In this research, in turn, it was possible to improve a distribution model of variable loads in facilities where distributed generation is present. This model consists of the application of optimization algorithms, in a Mixed Interactive Linear Programming (MILP) problem. Eventually, it was observed that the developed algorithm presents the expected performance, and it can be applied to other classes and dimensions of loads and installations, simultaneously. Yet, as a result of the application of the algorithm, a possible reduction in the monetary value of an account due to the redistribution of loads over time, considering a white hourly load, has been observed. The algorithm was useful for reducing costs, even in case of using the white tariff, for situations where there is no generation, but there is storage and the possibility of redistribution of loads during the day. Thus, considering the possibility of energy trade with the concessionaire and the hourly rate variation, based on previous studies found in the literature, an algorithm
Braz. Arch. Biol. Technol. v.61, no.spe: e18000030 2018 capable of proposing a better time distribution of the loads over time has been improved and tested in order to obtain the lowest cost of energy acquisition, considering the presence of wind, solar, electric vehicle and storage systems. In this last scenario, and with greater impact, reaching an economy close to 90%. Future work may include a more in-depth evaluation of commercial modeling software from renewable sources or not, and the development of plug-ins for them, the improvement of the simulation model of the generation result developed, considering other variables that can impact the final result and also improvements in the algorithm of temporal distribution of load, that was adjusted, in a way to facilitate its use, to have more reliable results, to consider the possibility of payment of taxes in the transaction and also the modality of energetic credits, without financial return. Still, if possible, integrate some software or algorithm capable of automatically create the curves of generation of the renewable sources from the environmental data and the yield of the equipment.
